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Glycerol  Pectate  as  a Blood  Plasma  Replacement 


Summary 

Among  the  naturally  occurring  hydrophilic  colloids,  those  of  cit- 
rus peel  have  been  investigated  for  use  as  a blood  plasma  replacement. 
According  to  earlier  biological  studies,  degraded  citrus  pectin,  a 
partial  methyl  ester  of  polygalacturonic  acid  (60  to  70$  carboxyl  groups 
methylated),  has  shown  suitable  oncotic  properties  and  a low  degree  of 
toxicity.  However,  the  so-called  pectin  sols  have  not  gained  the  gen- 
eral acceptance  of  the  medical  profession  because  of  certain  short- 
comings which  may  have  been  due  to  the  high  percentage  of  free  carboxyl 
groups  responsible- for  the  precipitation  of  calcium  pectinate. 

Attempts  have  thus  been  made  to  prepare  suitable  derivatives  of 
pectic  acid  (product  used  having  between  10  to  20$  of  the  carboxyl 
groups  methylated)  that  would  no  longer  precipitate  with  calcium  ions. 
With  the  intention  of  blocking  the  free  carboxyl  groups  of  pectic  acid, 
by  esterification  with  a hydrophilic  alcohol,  propylene  glycol  pectate 
has  been  prepared.  Biological  studies  on  preparations  esterified  be- 
yond the  point  where  calcium  precipitation  was  possible  have  shown  best 
results  with  propylene  glycol  pectate  samples  containing  about  15$  re- 
sidual unesterified  carboxyl  groups,  but  certain  toxic  symptoms  attrib- 
utable to  a propylene  glycol  ester  were  encountered  in  these  studies. 

In  comparative  biological  studies,  glycerol  pectate  has  proven  to 
be  an  effective  blood  plasma  replacement  free  of  toxic  side  reactions. 

Its  preparation  has  been  accomplished  by  esterification  of  a commercial 
pectic  acid  with  glycidol.  In  studies  on  artificially  hemorrhaged  dogs, 
effective  restoration  and  maintenance  of  plasma  volume  and  blood  pressure 
have  been  obtained  with  4$  solutions  of  glycerol  pectate  in  saline  at  a 
relative  viscosity  of  around  4 and  at  an  esterification  degree  of  85$. 

In  vitro  studies  have  demonstrated  that  the  oncotic  properties  of  gly- 
cerol pectate  are  primarily  due  to  the  unesterified  carboxyl  groups. 
Hydration  and/or  charge  effects  on  these  carboxyl  groups  appear  to  con- 
tribute to  the  molecular  configuration;  the  number  average  molecular 
weight  seems  to  be  considerably  below  that  of  plasma. 

Introduction 


Ever  since  the  last  war  there  has  been  a tremendous  effort  placed 
on  the  development  of  a satisfactory  artificsl  plasma  replacement  fluid 
for  the  treatment  of  hemorrhage,  shock,  burns  and  other  conditions.  Al- 
though adequate  amounts  of  human  blood  plasma,  have  been  available  for 
normal  needs  it  became  obvious  that  these  supplies  would  never  be  suf- 
ficient to  meet  the  requirements  of  the  armed  forces  and  the  civilian 
population  in  case  of  a major  catastrophe.  In  spite  of  numerous  attempts 
only  a few  synthetic  preparations  are  available  today  which  approach  the 
requirements  of  a satisfactory  plasma  replacement  fluid,  the  two  of  most 
importance  being  dextran  and  polyvinyl  pyrrolidone  (PVP).  Neither  human 
plasma  nor  the  just  mentioned  most  promising  synthetic  plasma,  replacers 
have  yet  reached  the  stage  where  they  could  be  used  universally  without 
any  ill  side  effect. 
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Since  relatively  few  compounds  have  so  far  been  investigated  as 
synthetic  plasma  replacers,  very  little  is  known  with  regard  to  the  pre- 
ferred class  of  compounds  that  will  yield  the  most  satisfactory  material . 
However,  present  knowledge  indicates  that  a polysaccharide-type  compound 
may  be  superior  to  a protein- type  or  strictly  synthetic  compound.  It  is 
only  logical  to  assume  that  besides  dextran  a variety  of  other  materials 
exist  in  nature  useful  as  plasma  replacers.  The  objective  of  this  pro- 
ject was,  therefore,  to  search  in  the  group  of  naturally  occurring  hy- 
drophilic colloids  for  such  a material.  Of  particular  interest  appeared 
to  us  the  plant  colloids  among  which  notably  those  of  citrus  peel  (pec- 
tin), cactus  and  plantago  are  available  in  unlimited  supply.  Due  to 
time  limitations  placed  on  the  extent  of  our  research,  we  had  to  restrict 
our  studies  to  one  material.  Pectin  was  selected  since  it  already  had 
shown  distinct  plasma  replacement  properties,  was  known  to  be  non-toxic 
and  did  not  accumulate  in  the  body  tissues.  However,  in  the  manner  in 
which  pectin  had  been  heretofore  prepared  and  used,  pectin  had  never 
gained  the  general  acceptance  of  the  medical  profession. 


Earlier  Studies  on  Pectin  Sols 

Pectin  solutions  introduced  by  Hartman  et  al1,  subsequently  also 
referred  to  as  pectin  sols^,  have  been  prepared  from  commercial  Pectin 
N.F.  by  thermal  degradation  of  a 1.5$  solution  to  a relative  viscosity 
of  about  4.  Such  prepared  pectins  represented  a partial  methyl  ester  of 
polygalacturonic  acid  with  about  50-40$  free  carboxyl  groups  as  sodium 
salts . 


The  affinity  of  the  unesterified  carboxyl  groups  of  pectin  towards 
calcium,  other  alkaline  earth  and  heavy  metal  ions  is  well  known.  In 
fact,  pectin  is  made  use  of,  for  example,  in  the  jelly  manufacturing  as 
a thickening  agent  or  in  medicine  as  a detoxifying  agent,  in  heavy  metal 
poisoning. 


The  percentage  of  free  carboxyl  groups  of  these  pectin  sols  was  in 
the  range  where  precipitation  with  calcium  ions  had  to  be  expected. 
Furthermore , it  would  be  anticipated  that  the  great  number  of  free  acid 
groups  present  in  such  a polymer  produces  a distinct  cation-  exchange  be- 
havior with  selective  affinity  for  cations  according  to  their  size  and 
charge.  For  example,  such  a polymer  may  bind  calcium  more  strongly  than 
sodium.  It  appeared  obvious  that  pectin  sols  when  introduced  as  the 
sodium  salt  into  the  circulatory  system  would  react,  by  double  decomposi- 
tion, with  other  salts  such  as  those  of  multivalent  ions;  such  reaction* 
in  turn  may  seriously  affect  the  electrolyte  balance.  Recent  animal 
studies  made  at  the  Henry  Ford  Hospital  on  salts  of  polygalacturonic 
acid,  having  about.  25$  of  its  carboxyl  groups  esterified  with  methanol, 
caused  extensive  sludging  in  the  circulatory  system  followed  by  immediate 
death. 


^.W.  Hartman  et  al.,  Ann.  Surg.  114,  212  (1941);  J.A.M.A.  118, 

?ll6l  (1942),  121,  1157  (1945)  

G.H.  Joseph,  Pectin  Sols  for  Parenteral  Use.  Review  publ.  by 
California  Fruit  Growers  Exchange,  Ontario,  California.  (1950) 
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The  original  concept  in  the  present  program,  was  to  block  off  the 
free  carboxyl  groups  of  pectin  to  prevent  precipitation  of  calcium 
pectate  or  pectinate  and  to  eliminate  the  chances  of  deposition  of  such 
salts  in  the  tissue.  The  plan  was  to  investigate  completely  esterlfied 
derivatives  of  pectin.  Essentially  two  groups  of  highly  esterifled  de- 
rivatives of  polygalacturonic  acid  are  known:  (a)  alkyl  polygalactur- 
onates,  e.g.,  methyl  polygalacturonate  obtained  by  reacting  polygal- 
acturonic acid  or  its  naturally  occurring  partial  methyl  ester  (pectin) 
with  diazomethane  at  low  temperatures  and  (b)  hydroxy  alkyl  pectates, 
e.g.,  hydroxyethyl  polygalacturonate  prepared  by  reacting  polygalact- 
uronic acid  with  ethylene  oxide  in  the  presence  of  water.  Of  these  two 
groups  comprising  derivatives  of  the  carboxyl  groups  the  hydroxy  alkyl 
esters  were  preferred  because  of  solubility  considerations;  the  ultimate 
aim  was  the  preparation  and  testing  of  glycerol  pectate  (glycerol  poly- 
galacturonate ) . Glycerol  pectate  promised  to  be  the  derivative  of  choice 
because  of  the  extremely  low  toxicity  and  the  possibility  of  metabolism 
of  glycerol  if  it  should  be  liberated  in  the  body  by  initial  metabolism 
of  the  infused  pectate  ester.  Since  but  little  information  was  avail- 
able on  the  preparation  of  glycerol  pectate,  and  since  glycidol,  the 
esterifying  agent  required  for  its  preparation,  was  difficult  to  make, 
it  was  first  attempted  to  prepare  the  propylene  glycol  pectate  to  de- 
velop a practical  preparative  method  and  to  verify  our  working  hypothesis. 


Studies  on  Propylene  Glycol  Pectate 

Although  original  attempts  were  made  to  prepare  our  own  poly- 
galacturonic acid  from  citrus  peel,  for  economical  reasons  resort  was 
made  to  commercially  available  pectin  preparations.  Among  these  Pectic 
Acid  No.  75^  and  Pectin  N.F.3  proved  to  be  most  satisfactory  starting 
materials  available  in  unlimited  quantities.  Pectic  Acid  No.  75  was 
found  to  have  80 rfc  free  carboxyl  groups,  the  rest  being  esterifled  by 
methyl  groups.  Following  the  general  principle  proposed  by  Deuel**  for 
esterification  with  ethylene  oxide,  Pectic  Acid  No.  75  was  esterlfied 
with  propylene  oxide  in  the  presence  of  water.  No  matter  what  variations 
of  the  reaction  conditions  were  made,  a considerable  excess  of  propylene 
oxide  (at  least  9 times  the  theoretical  requirement)  was  needed  as  a 
substantial  portion  of  propylene  oxide  was  hydrolyzed  to  propylene  gly- 
col due  to  the  presence  of  water.  Studies  with  regard  to  the  reaction 
mechanism  revealed  that  a small  amount  of  alkali  was  a desirable  cat- 
alyst for  esterification.  This  was  already  present  in  Pectic  Acid  No. 75 
but  had  to  be  added  in  esterification  studies  with  purified  pectic  acid. 


’Sunkist  Growers,  Ontario,  California 

rH.  Deuel.  Helv,  Chim.  Acta.,  ^0,  1523  (19**7) 


\ 


\ 
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It  was  then  discovered  that  esterification  may  be  accomplished  more 
conveniently  and  economically  in  a heterogenous  system,  where  Pectic 
Acid  No.  75  was  suspended  either  in  an  excess  of  propylene  oxide  or  in 
an  appropriate  solvent  thereby  reducing  the  amount  of  water  to  a minimum. 
In  this  manner,  complete  esterification  was  achieved  with  as  little  as 
twice  the  stoichiometric  requirement  of  propylene  oxide;  e.g.,  with  a 
charge  consisting  of  10  parts  Pectic  Acid  No.  75,  7*5  parts  propylene 
oxide,  40  parts  pentane,  1 part  water  complete  esterification  resulted 
with  a reaction  time  of  20  hours  at  35°C . At  the  end  of  the  esterif- 
ication, indicated  by  neutral  reaction  of  the  solids,  the  ester  was  is- 
olated simply  by  collecting  the  solids  by  filtration,  rinsing  with  ace- 
tone and  drying.  The  crude  propylene  glycol  pectate  was  then  dissolved 
in  water,  bleached  with  chlorine  dioxide  and  clarified.  The  filtrate 
diluted  to  proper  concentration  was  then  treated  with  two  volumes  of 
acetone  to  precipitate  the  ester.  The  precipitate  was  isolated  by  de- 
canting the  superatant.  liquid,  slurrying  the  solids  several  times  with 
fresh  acetone  and  finally  drying  in  vacuo. 

Several  batches  of  propylene  glycol  pectate  so  prepared  were  sub- 
mitted to  Dr.  F.  W.  Hartman  of  Henry  Ford  Hospital  Laboratories  for 
evaluation  on  animals#  In  loading  experiments  on  mice  and  rabbits  no 
signs  of  acute  toxicity  were  found.  When  administered  to  dogs  subjected 
to  severe  experimental  hemorrhage  (up  to  85$  blood  withdrawn  in  3 steps) 
the  preparations  positively  were  shown  to  be  capable  of  restoring  and 
maintaining  plasma  volume  and  blood  pressure.  The  levels  employed  were 
in  the  range  of  3*5  to  4.0$  in  saline  adjusted  to  pH  7.3*  However,  when 
given  to  dogs  in  large  doses,  occasionally  serious  side  reactions  were 
observed  such  as  edema  of  the  lungs  and  the  heart.  The  intensity  of 
these  toxic  reactions  were  variable  and  appeared  to  be  associated  with 
particular  batches  of  propylene  glycol  pectate.  In  vitro,  differences 
in  oncotic  pressure  could  be  demonstrated  among  the  various  products. 

A careful  examination  of  all  the  samples  submitted  for  testing  revealed 
a variation  in  the  degree  of  esterification.  A high  incident  of  toxic 
reactions  and  low  oncotic  pressure  could  be  correlated  with  a high  degree 
of  esterification.  A series  of  tests  on  dogs  with  preparations  adjusted 
to  various  degrees  of  esterification  revealed  that  highly  ester if led 
preparations  were  unable  to  support  plasma  volume  and  blood  pressure, 
and  that  low  esterified  material,  in  turn,  was  excreted  too  rapidly. 
Furthermore,  these  studies  clearly  indicated  an  optimal  degree  of  ester- 
ification of  around  85$.  Consequently,  a.  certain  amount  of  free  carboxyl 
groups  was  essential  to  attain  satisfactory  oncotic  pressure  in  vitro 
and  adequate  support  of  blood  pressure  in  vivo.  Nevertheless,  propylene 
glycol  pectate  was  not  further  pursued  because  of  the  toxic  side  re- 
actions encountered  which  were  very  much  alike  those  reported  on  poly- 
propylene glycols  and  esters  thereof. 


*A11  references  herein  to  such  animal  evaluation  studies  are  based 
on  oral  reports  only. 


Studies  on  Glycerol  Pectate5 
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Efforts  were  then  devoted  to  the  preparation  of  glycerol  pectate 
from  Pectic  Acid  No. 75  and  glycidol.  After  considerable  initial  dif- 
ficulties glycidol  was  finally  obtained  in  60-70$  yield  by  reacting 
glycerol  alpha -monochlorohydrin  with  caustic  soda.  Due  to  scarcity  of 
glycidol  only  a limited  number  of  esterification  studies  could  be  made 
and  attempts  to  esterify  in  a.  heterogenous  system  have  been  unsuccessful 
so  far.  However,  these  studies  have  shown  that  glycerol  pectate  can  be 
prepared  in  a homogenous  system  using  a charge  of  1 part  of  Pectic  Acid 
No. 75,  2 parts  of  glycidol  and  4.5  parts  of  water  and  a reaction  time  of 
24  hours  at  40°C.  Glycerol  pectate  was  then  isolated  according  to  the 
procedure  outlined  in  Table  I. 


TABLE  I 


Preparation  of  Glycerol  Pectate 


Pectic  Acid  #75 

21$-C00CH3 

68$-COOH 

ll$-C00Na 


(2.4  Kg)  / Glycidol  (4.8  Kg)  / H20(l0.9  Kg) 


Agitated  24  hours  at  40° 


Glycerol  Pectate  Reaction  Mixture 


a) 


b 


bleached  with  4.5  liters  C10-2 
solution  (approx.  0.3$) 
diluted  with  5-5  liters  H2O 
filtered  on  K-7  clarifying  pad 
precoated  with  Dicalite  SS 


Filtrate 


a)  precipitated  with  equal  volume  of 
acetone  (about  22  liters) 

b)  isolated  by  decanting  supernatant 
liquid,  reslurrying  precipitate  with 
acetone,  and  drying 


Crude  Glycerol  Pectate 


a) 

bj 

c) 


redissolved  in  24  liters  H2O 
added  180  ml  saturated  NaCl  solution 
precipitated  with  24  liters  acetone 
and  isolated  as  above 


Purified  Glycerol  Pectate  (2.1  Kg) 

Degree  of  esterification:  88$ 

^ rel.  "-'-'7  (c  r 4$) 

^u.S.  Patents  being  applied  for. 


\ 
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The  purified  glycerol  pectate  prepared  as  outlined  above,  dis- 
solved much  more  rapidly  and  showed  a greater  water  solubility  than 
propylene  glycol  pectate.  It  gave  practically  colorless  and  non-foam- 
ing solutions.  For  reasons  of  comparison  with  the  propylene  glycol 
ester,  glycerol  pectate  was  tested  on  animals  at  a concentration  level 
of  4$  in  the  relative  viscosity  range  of  4 to  5 and  with  a degree  of 
esterification  of  85$.  Solutions  suitable  for  intravenous  adminis- 
tration conforming  to  the  above  specifications  were  prepared  in  the  fol- 
lowing manner.  The  purified  glycerol  pectate  was  dissolved  in  the  proper- 
amount  of  0.9$  saline  to  give  a 4$  solution  and  then  clarified  by  fil- 
tration in  the  presence  of  a small  amount  of  Celite,  analytical  grade. 

The  filtered  solution  was  thermally  degraded  at  100°C  to  lower  the  re- 
lative viscosity  to  around  4,  which  usually  required  about  two  hours. 

The  degraded  solution  was  checked  for  degree  of  esterification  by  tit- 
rating the  free  acidity  of  a deionized  aliquot.  This  determination  per- 
mitted the  calculation  of  the  amount  of  alkali  required  to  adjust  the 
solution,  by  partial  saponification,  to  85 % esterification.  For  stabil- 
ity reasons,  it  was  preferred  to  keep  the  degraded  solution  at  the 
natural  pH  (of  around  4)  and  add  the  alkali  just  prior  to  administration. 

In  studies  at  the  Ford  Hospital,  glycerol  pectate  proved  to  be  a 
very  promising  plasma,  replacer.  According  to  Dr.  Hartman’s  findings, 
glycerol  pectate  did  not  give  the  toxic  side  reactions  observed  with  the 
propylene  glycol  derivative.  Plasma  volume  of  hemorrhaged  dogs  was 
quickly  restored  to  normal  and  maintained,  and  no  evidence  of  deposition 
in  the  tissues  could  be  demonstrated. 

In  view  of  these  results.  Dr.  W.  J.  Perry  of  the  Office  of  Naval 
Research,  arranged  a more  extensive  evaluation  of  glycerol  pectate  at 
the  Naval  Medical  Field  Research  Laboratories  of  Camp  Lejeune.  The 
original  testing  program  proposed  by  Capt.  C.  3.  Galloway  and  Dr.  S.  W. 
Handford,  was  to  study  glycerol  pectate  at  concentration  levels  of  3, 

4,  5 and  6$  at  a relative  viscosity  of  around  4.  Also,  it  was  agreed 
to  study  the  4 fo  level  at  a relative  viscosity  of  around  3* 

Solutions  in  saline  containing  3,4,5  and  glycerol  pectate  were 
prepared  as  described  above  and  then  thermally  degraded  at  100°C.  to 
a relative  viscosity  of  around  4,  requiring  1,4,7  and  11  hours,  re- 
spectively. Due  to  the  prolonged  heat  treatment,  the  6%  solution  showed 
considerable  darkening  and  was  therefore  considered  unsatisfactory  for 
use  in  animals.  Oncotic  pressure  determinations  on  the  3, 4, and  5^ 
solutions  of  glycerol  pectate  neutralized  and  adjusted  to  85$  ester- 
ification are  shown  in  Graph  I.  The  4 % solution  gave  a final  oncotic 
pressure  comparable  to  human  plasma  and  to  the  6$  dextran  solution  used, 
as  reference  material.  With  respect  to  plasma  the  3$  level  was  hy- 
potonic and  the  5%  level  accordingly  hypertonic. 
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Further  thermal  degradation  of  the  4 $ solution  to  a relative  vis- 
cosity of  3*3  effected  a slight  increase  in  oncotic  pressure,  as  ex- 
pected. It  was  thus  of  interest  to  find  out  whether  solutions  at  levels 
slightly  less  than  4$  may  be  prepared  which  upon  extended  thermal  de- 
gradation may  yield  oncotic  pressures  equal  to  the  4 $ level.  As  shown 
in  Graph  II  the  oncotic  pressure  of  3$  and  3|$  solutions  of  glycerol 
pectate  thermally  degraded  for  2 and  5 hours,  respectively,  were  obvious- 
ly much  lower  than  that  of  plasma  or  6$  dextran  solutions.  Even  at  the 
3w°  level  a very  much  longer  degradation  time  would  have  been  necessary 
to  raise  the  pressure  to  that  of  6$  dextran  solutions.  This  could  have 
only  been  accomplished  at  a great  sacrifice  of  molecular  weight.  It 
was  therefore  generally  agreed  to  limit  exploratory  evaluation  studies 
in  animals  to  the  4$  level  in  the  relative  viscosity  ranges  of  3 to  3?- 
and  4 to  4|.  Depending  upon  the  results  obtained  under  these  conditions, 
the  effect  of  varying  the  degree  of  esterification  was  to  be  investi- 
gated later  on. 

Approximately  125  liters  of  4$  solution  of  glycerol  pectate  were 
prepared  for  testing  at  Camp  Lejeune,  and  for  drying  and  stability 
studies.  One-third  of  these  preparations  were  in  the  lower  relative 
viscosity  range  of  around  3*3  (Lot  #12-3A,  7fl2-3B,  13-3A  and  13-3B), 
whereas  the  major  part  was  at  a relative  viscosity  of  4.  Table  II  shows 
the  individual  batches  made  and  illustrates  the  degree  of  uniformity 
obtainable  by  proper  degradation  and  partial  saponification. 


TABLE  II 


4$  Glycerol 
Pectate 
Lot  # 

Relative 

Viscosity 

Unadjusted 
Free  C00H 
meq/g 

Ester 

$ 

Adjusted^- 
Free  C00H 
meq/g 

Ester 

Oncot. 

Pressu 

f 

11 

4.4 

0.433 

89.2 

0.590 

§5*2 

95 

12 -3  (A) 

3.3 

-- 

0.573 

85.6 

103 

12-3  B 

3.2 

0.496 

87.6 

0.598 

85.O 

-- 

12-4  (A) 

4.4 

0.457 

88.6 

0.580 

85.5 

90 

12-4  B 

4.3 

0.457 

88.6 

0.587 

85.3 

93 

12-4  C 

4.3 

— 

-- 

12-4  D 

4.1 

— 

— 

80 

13-5  A 

3.1 

0.488 

87.8 

0.601 

85.0 

— 

13-3  B 

3.2 

-- 

— - 

13-4  A 

4.2 

0.438 

89.I 

0.610 

84.7 

92 

13-4  B 

4.0 

— 

— — 

14-4  A 

4.4 

0.468 

88.3 

0.595 

85.1 

91 

14-4  B 

4.5 

— 

14-4  C 

4.4 

— 

0.604 

84.9 

79 

^Neutralized  and  partially  saponified  to  85$  esterification  with 
sodium  hydroxide  except  for  Lot  Nos.  12-4D  and  14-4C  which  were 
neutralized  and  adjusted  with  sodium  bicarbonate. 

2In  comparison  with  6$  dextrsn 
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It  should  be  emphasized  that  in  preparing  the  glycerol  pectate  for 
these  solutions,  two  different  batches  of  Pec tic  Acid  No.  75  were  used, 
and  that  reaction  conditions  and  isolation  procedures  were  gradually 
modified  to  improve  the  process  and  yields.  It,  therefore,  appears  that 
differences  in  the  purified  glycerol  pectate  do  not  affect  the  prop- 
erties of  the  final  solution,  provided  the  proper  degradation  time  and 
partial  saponification  are  carried  out. 

As  already  pointed  out,  glycerol  pectate  shows  an  optimum  stability 
at  a pH  of  about  4,  the  natural  pH  of  pectin.  It  has  therefore  been 
necessary  to  store  the  degraded  solutions  at  this  pH  and  to  neutralize 
them  just  prior  to  administration.  As  this  was  thought  to  be  incon- 
venient, attempts  were  made  to  develop  a neutral  product  of  satisfactory 
stability.  These  studies  led  to  a reasonably  stable  solution,  and  a dry 
material  suitable  for  extended  storage  as  described  in  the  following: 

The  initial  procedure  of  neutralizing  the  pasteurized  and  degraded 
solutions  of  glycerol  pectate  with  sodium  hydroxide  just  prior  to  use, 
caused  considerable  handling  difficulties.  When  the  glycerol  pectate 
solution  was  not  adequately^agitated  the  alkali  was  used  up  locally  be- 
fore it  had  a chance  to  become  evenly  distributed.  Substitutes  for 
sodium  hydroxide  were  then  investigated  among  which  sodium  bicarbonate 
appeared  most  promising.  When  an  equivalent  amount  of  bicarbonate 
(equal  to  the  amount  of  NaOH  calculated  for  neutralization  and  partial 
saponification  of  excess  ester  to  85?0  was  added,  the  pH  remained  be- 
low neutrality.  It  could  be  shown  that  the  slightly  acid  pH  was  due  to 
dissolved  carbon  dioxide.  The  latter  could  be  removed  by  aeration  with 
nitrogen  whereupon  the  pH  increased  to  about  7*3  to  7.4.  Solutions 
neutralized  with  NaOH  showed  an  initial  pH  rise  beyond  neutrality  fol- 
lowed by  a gradual  decline  to  a pH  of  5 t-c  5*5  (after  2 weeks);  sodium 
bicarbonate  differed  from  NaOH  in  that  it  exerted  an  obvious  buffering 
action. 

As  it  seemed  advantageous  to  have  a colorless  parenteral  solution, 
a small  amount  of  chlorine  dioxide  wa3  added  to  the  degraded  solution  of 
glycerol  pectate  before  buffering  with  sodium  bicarbonate.  This  measure 
was  found  of  great  importance  as  it  prevented  (presumably  due  to  chem- 
ical sterilization)  any  visible  contamination  of  the  solutions.  Since 
the  chlorine  dioxide  completely  disappeared  in  the  first  48  hours,  and 
since  its  decomposition  products  were  hydrochloric  acid  and  oxygen,  it 
was  regarded  a.  safe  means  of  destroying  the  last  traces  of  proteinaceous 
matter  and  impurities  other  than  polysaccharides.  Table  III  shows  the 
course  of  the  pH  of  a solution  of  glycerol  pectate  treated  with  ClOp 
and  neutralized  with  bicarbonate.  Since  its  preparation  in  November  1953, 
no  visible  contamination  has  been  detected,  and  the  buffering  action  was 
still  effective  after  70  days  of  storage  at  room  temperature.  Similar 
shelf-life  tests,  on  solutions  in  sterile  containers,  have  confirmed  this 
result  to  date;  they  are  being  continued  to  determine  the  practical 
shelf-life  of  bicarbonate  solutions.  Sterility  tests  will  also  be  made 
to  establish  the  effectiveness  of  chemical  sterilization  with  chlorine 
dioxide. 
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TA3LE  III 


£H 


Time 

Buffered  with 
NaHCO^ 

C02  Removed 

1 Hour 

6.5 

7.4 

2-i  Days 

6.0 

7.4 

3|  Days 

6.0 

— 

10  Days 

5.7 

7.4 

18  Days 

5.4 

6.4 

38  Days 

5.2 

6.7 

70  Days 

5.2 

6.6 

Another  approach  to  developing  a stable  product  was  seen  in  a dry 
product  of  glycerol  pectate  which  would  only  require  sterile  water  for 
reconstitution.  Several  methods  of  drying  properly  degraded  4$  solution 
of  glycerol  pectate  in  normal  saline  have  been  investigated  and  found 
effective.  Spray-drying,  drum  drying  and  lyophilization  gave  nonhy- 
groscopic  products  with  good  to  excellent  dissolving  properties.  The 
dry  materials,  upon  reconstitution  with  water,  had  substantially  the  same 
characteristics  as  their  original  solutions  before  drying:.  At  present, 
lyophilization  is  the  preferred  drying  method  as  all  equipment  required 
is  readily  available  or  can  be  easily  assembled  from  standard  laboratory 
equipment . 


Discussion 


The  present  status  of  the  work  on  glycerol  pectate  allows  some  very 
interesting  deductions  and  speculations  with  regard  to  its  action  as  a 
plasma  volume  expander.  The  pectin,  solutions  (sometimes  referred  to  also 
as  pectin  sols)  used  by  Hartman  and  others  have  consisted  of  a 1 ^fo  so- 
lution of  degraded  Pectin  N.F.  with  a relative  viscosity  of  around  4-5. 
They  have  shown  a number  average  molecular  weight  of  18,000  (6)  and  a 
degree  of  esterification  of  about  6C$.  When  we  tried  to  prepare  a suit- 
able parenteral  solution  from  highly  esterified  Pectin  N.F. , obtained  by 
esterification  of  the  free  carboxyl  groups  with  glycidol,  we  found  we 
had  to  resort  to  higher  concentration  levels  in  order  to  attain  oncotic 
pressures  equal  to  plasma.  It  was  quite  evident  that  the  loss  of  on- 
cotic pressure  on  esterification  was  not  due  to  the  slightly  higher  aver- 
age molecular  weight  and  thus  not  due  to  a smaller  number  of  molecules 
at  a given  concentration,  but.  that  it  was  in  direct  proportion  to  the  de- 
crease of  free  carboxyl  groups.  As  pointed  out  before,  the  same  was  true 
for  glycerol  pectate  where  relatively  minor  variations  in  the  degree  of 
esterification  brought  forth  significant  changes  in  oncotic  pressure  in 
vitro  as  well  as  in  response  in  vivo,  whereas  variations  in  molecular 
weight,  as  affected  by  various  degrees  of  degradation,  were  without  sign- 
ificant effect.  As  a.  consequence,  the  number  of  free  carboxyl  groups  in- 
cluding the  sodium  ions  associated  therewith  was  a contributing  factor 

6t.H.  Schultz  et  al.  J.  Am.  Pharm.  Assn.  4l,  251  (1952) 
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for  oncotic  pressure.  This  is  illustrated  in  Graph  III  where  oncotic 
pressure  is  plotted  against  number  of  free  carboxyl  groups  expressed  in 
milliequivalents  per  liter.  It  happens  from  the  curve  shewn  that  between 
24  and  26  meq/liter  of  unesterified  carboxyl  groups  are  necessary  to 
attain  oncotic  pressure  equal  tc  6 $ dextra  solution.  This  would  in- 
dicate that  there  is  a practically  unlimited  number  of  combinations  of 
concentration  and  degree  of  esterification  that  will  fulfill  these  re- 
quirements. So,  for  instance,  do  the  earlier  pectin  sols  at  60$  ester- 
ification and  at  1.5$  level.  The  possible  compositions  of  solutions  of 
pectic  substances  having  a constant  total  free  carboxyl  content  of  24 
meq/liter  are  represented  by  the  calculated  curve  shown  in  Graph  IV. 

Any  combination  of  degree  of  esterification  and  concentration  of  pectic 
substances  which  falls  on  this  curve  should  show  equivalent  oncotic 
pressure.  However,  the  useable  combination  range  is  limited  by  two 
factors,  (a)  the  threshold  for  calcium  precipitation  (at  about  70$  ester- 
ification) and  (b)  the  maximum  permissible  relative  viscosity  of  the  so- 
lution (at  about  5$).  While  the  4$  level  at  85$  esterification  was  stud- 
ied more  extensively  and  found  satisfactory  in  animals,  other  combin- 
ations falling  on  the  curve  of  Graph  IV,  around  the  4$  level,  seem 
feasible  to  produce  adequate  oncotic  pressure  and  may  be  also  satis- 
factory as  a plasma  replacer.  Compared  with  other  plasma  expanders  such 
as  dextren  or  FVP,  glycerol  pectatc  has  as  an  additional  degree  of  free- 
dom, the  degree  of  esterification,  which  allows  a broader  concentration 
range,  and  thus,  in  turn,  also  a broader-  molecular  weight  range. 

Arrangements  have  been  made  with  the  National  Bureau  of  Standards 
for  molecular  weight  determinations  on  glycerol  pectate  solutions.  In 
lieu  of  these  measurements  predictions  can  be  made  of  the  approximate 
magnitude.  Based  upon  the  determination  of  1.5$  pectin  sols  of  around 
4 viscosity,  it  is  conceivable  that  at  4$  concentration  and  4 viscosity, 
the  average  molecular  weight  will  be  about  one-half  of  18,000.  Thus, 
assuming  an  average  molecular  weight  of  10,000  for  glycerol  pectate,  a 
molecule  would  be  composed  of  40  glycerol  anhydrogalacturonote  units. 

At  85$  esterification  there  would  be  6 free  carboxyl  groups  per  molecule 
surrounded  by  an  equal  number  of  sodium  ions . Both  the  carboxyl  and 
the  sodium  ions  are'  likely  to  be  hydrated . The  arrangement  of  hydrated 
sodium  ions  around  the  polymeric  ester  acid  may  contribute  to  an  appar- 
ent molecular  size  greater  than  expected  from  the  true  molecular  weight, 
thus  being  retained  in  the  circulatory  system  for  a sufficient  length 
of  time  to  restore  and  maintain  plasma  volume  in  shock. 

Our  observations  have  shown  that  at  a given  concentration,  vis- 
cosity and  degree  of  esterification,  the  oncotic  properties  of  glycerol 
pectate  vary  depending  upon  the  amount  of  electrolyte  present.  For  ex- 
ample , solutions  in  pure  water  have  0 5-4  times  greater  oncotic  pressure 
than  in  saline.  In  the  circulatory  system  the  oncotic  pressure  of  gly- 
cerol pectate  will  also  be  influenced  by  the  concentration  of  elect- 
rolytes and  presumably  also  by  the  presence  of  plasma  proteins.  It  is 
therefore  conceivable  that  glycerol  pectate  is  excreted  more  rapidly 
when  administered  to  normal  dogs  since  high  electrolyte  and  plasma,  pro- 
tein levels  would  be  expected  to  depress  the  degree  of  hydration  and 
thus  reduce  the  apparent  molecular  configuration.  In  hemorrhaged  dogs 


K«a»MMl»a«««»M«MBaMM*S«9«»!!fiSeBS"SSS*i»Sa§S™^ 


!■■■■■■■■■■■■■■■ 

■■■■■■■■■■■■■■■a 


iBBflflaaBBBflBBaaaaaflflflBaaBaaflBaBBflBBBflaaflflBflBflBaflBflaaflBBBaaBBaaBaBBBBaBBl 
■■■■■■■■■■■flBBBflflflBBflflflflBBBflflflBflflBflfl BBBBB BBBBB Bflflflfl BBBBB BBBBB BBBBflflBBBfl I 


....  ...  H5SS5!!R53S555H555i5555T55!!5r5?r!5555!555?rS5SB5!5!SSH*l 

ii  rm- 1 »:. i-i.r-ijpmpp  *.._i mbbbbbbbbbbbI 

BrSiSiHi5ip«iHiiiiir?i5iiiniSiiiSiii5EEESSSSSSy 

IBBiBflSHTflflBflifiiflrBflBflBrrflBMaflnBBflTMEflBTBiBHBBBBBPBBB'rBrTjBriflBBBBBBBBBBBBBBBBBl 
EliSlBI.I  tvi:K|l»»;HW ■«■»>#  iMSflBMiM'J'-UMNflira-MllllC-M^liUt  •BBflnPfllBflBBBBBBflBflBBBflBBl 

MillllBmilll  illll  IlflXlt!  I !!•':»  U:i|l»B’/;)B|(i>fi;ik»;  I lU  -I  IBHK ) JBBBBBBBBBBBBBBBBaBaBBBBaBa 

BBBBBBBBBBBflBBBBBBBBBBBBBBJIBPIBBBBBBBBPBBBBBBBBPBBflMBBBBBBBBBflBBBBBBBBBBBBBBBBBBB 
■■■■■■BBBBBBBBBBI  * rt  i.':  InlBBKA  CiflF.:*  >!ilBi;.1  l«',«Tl  IB  il  f:  I.<  1 1 L' )BB  BBBBBBBBBIBBBBIBBBBIBBBBB 
iSSSSSSMiilMWiJMgJg^gJgglgjgjjjggJgJJJggJj^ggBBgggBBBMJBM 

glHESHMaMMBBHHMaMj 


WESSSESSSSSBSSfiSSSSSSBSSSSSSSSSSSSEESSSSSl 


|s3isS3SS!2£y5j]?!!”j«Ei«f 

■SSSSSESSBaiiiiiiiiiiifl iiiiiiiifliiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiii 


■BBBBBBBBBBBBBBB' 

■MB  BBBBBBBBflnifil 


BBBBBBBBaSMlBBBBaBBBraBBB 

ESSSSSSSSSSSSESBESSSSESSE 


ESS 


BBBBBBBBBBBBBBBBBflBBBnBBnaBBBBBIBBBaBBBl 
■BBBBBBBlElBBBBBlBaaBBBflaaBBBaHiBaMj 
■BHBBflliBBIIB  lllflflHIBBIII 
a*BBBBBBBBBBBBBBBBBBBBBBBBBBj^^^^^^^M 

I^HBaBBBflflBaBBBaaaBBBaBBBBaaaBBaBBBaaBB 
HflBBBBB BBBBBBBBBBBBBBB BBBBBBBBBBBBBBB 
. iHBBflB BBBBBBBBBBBBBBB BBBBB BBBBBBBBBBBBBBB 
BBbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

■Bfl BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBBBBBBB 
BBB BBBBB BBBBB BBBBBBBBBBBBBBB BBBBBBBBBBBBBBB 
■BlBflBBBiBBBBBBBBBBBBBBBBBB BBBBBBBBBBBBBBB 
BBBBBBgBBBBB BBBBB BBBBBBBBBBBBBBBBBBBBBBBBB 
■B BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBI 
IflBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBBBBBBBB 

SHBggBBflBflBBBBBBBBflBBBBBBBBBBBBBBBBBBBBMBiMl 
.:Bfl BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBBflBBBBi 
IBB BBBBB BBBBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBBB I 
■BiaflBBBBBBBBBBBBBBaBflBBnBHBBBBBBBMBBBMM 
IflBBBiBBBBBBBBBHBBBBS 

mmaaaaamaaamaaaaaaaama iiiiiiiil 


ESSSSESSSSSSSbSbEEbbEES 

WWBbbbbbbbbbbBbbbbbbBbbbbI 

IbBBB iBBBfl BBBBBBBBBBBBBBB BBBBB Bl 
r'?lpvpiB  BBBBBBBBBB  BBBBB  BBBBB  BBBBB  B 


IBB BBBBB BBBBB  B 


^^^^■bbbbbbbbbbbb 

BflBBBBBBBBHBBBBBi 


■bbbbH .. 

IBB BBBBBBBBBB BBBBBBBBP^BBBBI 
■iggBBBBBBBagBBBBBBBrBBBBBBI 
■BBiBBaBaBBBaBBBBBBOBBBBBBBI 


EESSSEEESEEESSEE 

BBBBBP  fk-t'l  J'J'U-ll 


EembbSSSESSSESESESEESEEBSSSSESSSSSESESEE 

I BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB 
| iBSBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB 
PPHHiBBBBBBBBBBBBBBflBBBBBBBBBBBBBBBBflflBinn 
E BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBB 
R^BBBMiBBBBBBBBBBBBBflBBBBBBBBBBBBBBflBBBBBBBBBHHI 

y£BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  Bl  B— — j— — j— — i | 

S«t  < iB>  ■■  “ta  . IBBBB^'  'f'V'  . . ..  . 

■SrSIlCB  BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBr..-:iBfc.»BBr.aB--El»*»3.-P'lil».J*lBI'>iH.»:«'I"Hi^BBBBBBBBB«am"K,j| 

■ =BMPa»J  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BP^.BBBBBBBBBB«>r;r'JBBBBBBBBaBBBBBBBBBBBfli^B^BBB^H^ri 
■B BBBBB  BBBflfl  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  ^BBBBBBaBBBBBBaiBH 

PlHBHBBMMHIBHBBBBMMH 

■! 


....  IflflBBBK „ 

Esssssssssssssssssssssss 

EESSESSSSSSgESSSSSSSSSBSEESSSSBSSl 




■MBHMbbbbbbbbbbbbbbbbbbbbbbbI 

IBBBBBBBBgBBBB BBBBB BBBBB BBBBB BBBBB  I 


BBBBBBlIBBBBBBBBBBBaBBBBBBBBBBBBa 


■bbbbbbbb 

■bbbbbbbbb 

. _ HtfBMUBBBBBBBBBBflBaBBBflBBBBBB  BBBBBBBBBB 

WBBBB  BBBBB BBBBBBBBBB BBBBB BBBBB BBBBBBBBBB BBBBBBBBBBBBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBBBBBBB 
BBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBBBBBBBBBBBBBBBBBBBBBBBBBBB  BBBBB  BBBBB  BBBBr.  Bl  "I'BI  •iln  »BBBBBBB  ri^rSfl 
BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBB  BBBBB  BBBBBBBBBBBBBBBBBBB"5B3F^a«BLBJJBBWBBiIBL!J 
BBfififi BBBBBBBBBI BBBBB BBBBB BBBBB BBBBB BBBBBBBBBB BBBBB IBIBI BBBBB BBBBB BlflBBIBBIfl BBBBB BBIBB BBBBB 
I BBBBBBBBBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBBBBBBB BBBBBBBBBBBBBBBBBBBB 
BBBBB BBBBBBBBBBBBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBBBBBBBBBBBBBBBflflBBBBBBBBBB 
I IV*I^B  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBB  BBBBBBBBBBBBBBB  BBBBBBBBB  ?hB?V?^BB7iir?PT<,M*4BBBBBBBn7r«B 
h.A^£fl  BBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBaBBBBBBiMC2^wCBB^«^3UXLl»BBMIIBBBiJZiL!!B 
BBBBB  BBBBBBBBBB BBBBBBBBBBBBBBBBBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBBBBBBBBBBBBBBBBB 
BBBBB  BBBBB BBBBBBBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BflBBBBBBBBBBBBBBBBBBBBBBB 
BBBBB BBBBB BBBBB BBBBBBBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBBBBBBBBBBBBBBBBB 
flj^BBB  BBBBB BBBBBBBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBBB BBBBB 
BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBBBBBBBBHBBBBBBBBBB 
BBBBB BBBBBBBBBB BBBBB BBBBB BBBflfl BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBB BBBBBBBBBBB 


knBB 

■bbH 

E BBBBB 

EfMWfll 

t®'B>i*,.»B 

bHhBBBBl 

gss; 

mu 


^^^^^|iBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBBBBBBBBBBHHBI^H^^HBi^^^l^^^H 
[BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB SBBBBIBBBB BBBBB IBBBfl BBBBB BBBBBBBBBBBBBBB I 
^^^^^|bBBBB  BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBB BflBBBl 
BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB I 
^^^^^|BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBBBBBBBBBBBBBBBBB BBBBBBBBBB BBBBB I 
^^^BbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbibbbbI 
^^^^^B|BflBa  BBBBB  BBaaaaBBBBBBBBB  BBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBaBBBBm| 
[BBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBB BBBBB BBBBB BBBBBBBBBBB 
IBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBB BBBBBBBBBBB BBBBBBBBBBB BBBBB I Bfl BBBBBBBBBBB 
IBBB BBBBB BBBBflflBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBBBBBB 
^^^^HaBBBBBBBBBBBBBBBBBBBBBBBBBBflBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBaBBaBBBBBBBBBBi^^^^^^^H 
ILASaPB  BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB 
HBjHB BBBBB BBBBB BBBBBBBBBBBBBBB BBBBB BBBBB BBBBB BBB BBBBBBBBBBB BBB BBB BBBBBBBBBB BBBBB BBBBBBBBBB 
I BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB 
I BBBBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB 
I BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB 
IB  BBBBB BBBBB BBBBB BflBBBBBflBB BBBBB BBBBB BBBBB BBBBB IB BBB BBBBB BBBBB BBBBB BBBBBBBBBBBBBBB BBBBB 
IB  BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB 
HMiBBflflBBBBBBBflaflBaflBBBaBBBBBBBBBBBBflBBBBflBBBBBBflBflBBaBBBBBBBBBBBBBBBBBflBBBBBBBflBBBaaBBBB 
BBBBB  BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB 
EB^B BBBBBBBBBB BBBBBBBBBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB 
BBBBBBaaflBBBBBBaBflBB  BBBBB  IBBB  BBBBBBBBBBB  BBBBB  BBBBBBBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB 
BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBBB BBBBB BBBBB 
BBBBB  BBBBB BBBBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBBBBBBB IB BBB BBBBBBBBBB 
BBBBB  BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBBBBBBB BBBBBBBBBB BBBBflflBBBB 
BBBBB  BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB 
BBBBB  BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBB 
BBBBB  BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBBBBBBB I Bfl BBBBBBBBBBII 
BBBBB  BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBBBBBBB 
BBBBB BBBBBBBBBB BBBBBBBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB 
BBBBB  •••■■•■•••■•■•••■■•••••■■■■•■•■■•■■■•■•■••■■■••■■■■■■■■■•■■■■■■■■BHUMMauMaBBBH 

BBBBCr  4BBBBBBLT  IBBBBBBBr;T.'lBBBaaBarT.-<BaBBBBar.'1  nBBflBBBBP^^aBBBBBBBT’.IBBBBBBarPBBBBBBB-rBBBafl 
BBBBP  V’JBBBBBBP  y'JBBBBBBar-^’JBBBBBBBrilBBBBBBBr -4. iBBBBBBBB*!  •BBBBBBBBB. •IBBBBBIBBHllBBBBBBI>r:flBBBB 
BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB 



BBBaiBBBBBBBaBBBBBBBBBBBBI'j-’VJ*'i»l<aL,l’VH'L-Z[.^BF*lll  ! .•  l'lriP  V ^.r  - I 'BBBBBBBB  BBBBB  BBBBB  BBBBB  BBBBB 


! 


£:s:5:ss&s:ssss»ss:BasB3as:ssassss5sssr^sM?Hi^Hrii(jmBs:as5S5S3aass85S5S5»BBSSBSssl 

>iBi  i,iRBBiilliiHEaBBBEaBBaBBBBBiBiBaiBaaaBaaBB| 
■ BBBB  BBBBB  BBaBBBBBBBBBaBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBIBBBBBIBBBBBBBBBgggggBBBggl 

BaaaiBBaBBaaaaBaaaaaaaaaaBaaaaaaaBaaaBaaaaaaaaaaBBaBaaBaBaBaaaBaBBaaaaaBaaaaBBBaaSg 

BBBBBBBBBB-BBBaBBBBBr^airBrBBBrBririBBBBriBBBBTBPBBBBBBnBBBBBBrBBBnBBBBBBB^BrBBBnrBBBi 


BBBBI 


I ■!![•>  rf-!  ( 1-i-jiM  7 »; « BI'IJ  BB>.(  H BBBBB  BBBBB  I 


ii!»i<71  r"r7S7Ki?“i;ir^B*i"7ri“ii""!IrBBkTi»"iiidrr“i!5ri’f  BiaBBSSSSS 

,==:=============::====:^=-r======r-:r:55====d=5=======:;==r:===~===aBl8BBB3Bt 


!BBBBBBBBBBBBBiBiBiBiiiiBiiiiiiiiiipn7icL9B77f?i?i<?i^ilaBiiSiiiiiiiiiiiiiiiiiiiiBBn 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB“-r~“— *“r— 'BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBl 
BBBBBBIBBBBBBBBBBIBB  BBBBI  BBBBBBBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBlI 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBflflBBBBBBflBflBBBBBBBBBBBBBBBBBBBBBBBBBBBflBBBflggBBBBBBBBBBBflBBB| 

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

!BBBBBBBBBBBBBBB7Vi:i'»B»**->*l>T1B!>PB»l*l,BBB"'r*«IB!"piB™BBBW-PBBnBBB1BBBBB:*BBBBcfiBBBBBBBBBBBBBBBBl 

I BBBBBBBBBBBBBBBttt*^C:B»./IJ^l:UtiBtil.--J»,'ll.-i;-a-J'fll-JBl'?"ML'BL'-i>l»P  1 ' < *-11'  ! ' ' tl  <1".»  BBBBBBBBBBaB  BBBBbI 

BBBBBBBBBBBBBBBFBBB"BBB-»BI’BB"BBBBrrBBBiB|iBBnnBBBBBBBBnrBBBnBBBBBBBBBBrBBB»lBBBBgBBBBiBBBBBBBl 

iflBBBBBBBBBBBBBBL'V’JI  L'L-^ Mirat'K^' BH»J.»(ML*i" BM :i"l'BlB' IBHIi  IB~  lll'l  «,'/‘;B(  •liBBBgHBBBBBBBBBBBal 

■aa—— a— ——a——— — — wbbbbbbbbbbbbbbbbbbI 

iBBBBBBBaaaaaaaaaaal 


BBBBBBBBaBBBHBIflBBBBBrBBBBBBMBlIBBBMBRflBflBflBBBBBBBBgH 

BBBBB  BBBBBBBBBBL.'.?  I VBI"MI  IHU  IlIBBgBBBBfllBBjflHBHHHHHBBHMMHHHMn 

BBBBB  BBBBB  BBBBBBBBBB  BBBBB  kflBBB  BBBBB  IflBBBBBBBB  BBBBB  BBBBBBBBBBBBBBBBBBBBflBBBBBBBBflBBBBBBBBBBl 


IRBBBBBBBBBBBBBBBBBBBBBI 


BBBB  BBBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBgflBBBB  BBBBB  BBBBB  BBBBBBBBBBl 
1^131  BBBBBBB  BBBBBBBBBB  BBBBB  IflflflB  BBBBB  BBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  I 
BBBBBBBBBBBBBBBBBBBBBBBBB  BBBBB  BBBBI  BBBBBBBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBB  BBBBB  BBBflBBBBflBBBBBBI 
bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 
BBBBBBBBBBBBBBBBBBBBBBBBB  BBBBB  BBBBBIBBBBBBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBfiflBB 
■■■BBaBailBBBBIBBBBBBflBBBBBBIBBaBflBBBIflBaiBflMiflBflBBiaBBBBBflllBBlflmBmiBBBBBniBBB^H 


BBBBI  ■BBBBBBaBBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaBaBBHBBflBBBBBBBBBBflflBBBBBBBBjBal 
■■■rr.'r^BBBBBBaBBBBBBaBaBBBBaBflflflBBBBBflBflflaBRBBflBaflBflBBflBBBflBBBaaaaBaaaflaaafiiiaaBaBMBBBBM 
BBBBBC.XL4^4B  BBBBBBBBBBBBBBBaBaBBflBflflaBBBBBBflBaflBBBflBBBBBBBBBBBBflBBBBBBBBBMBBBBBaBBflBBBBBBBBB| 
■BBBBBBBBB  BBBBB BBBBBBBBBBBBBBBBBBBBBBBBB BBBBB BBBBB BBBBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB I 
BBBBBBBBBB  BBBBBBBBBBBBBBB BBBBB BBBBBBBBBB BBBBB BBB BBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBBBBBl 
BBBBBBBBBB  BBBBBBBBgBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBgBBBBBBABABBaBBBBBBBl 
BBBBBBBBBB  BBBBB  BBBiBBBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBI  flBflBBBBBBB  BBBBB  BBBBBBBBBB  BBBBB I 
BBBBBBBBBB  BBBBBBflBBBflBBBBBaVnr BBBBBBBnarBBBHBBBBBg  BflBgBBBBgB  BBBBB  BBBBB BBBBBBBflBBBBBBBBBBBB| 
BBBBBBBBBB  BBBBBBBBBBBBBBBBBim»^'tH>.Hl«^*BI«<-HHIIN  HI  ^BHBaiBBBBBiBBBBBBBBBBBBBBBBBBwrarr-BBBBBl 
BBBBBBBBBB  BBBBBBBBBBBBBBB  BBBBBBBBBB  BBBBB  BBBBBgC'BBBgBBBBBBBBIflaBBaaaBBBaBBBMBBHMMHBBHBMBH 

BBBBBBBBBB  BBBBBBBBBBBBBBBBBBBBBBBaflaBBaBBBBBflBB^BiiflBBBBBBBIB*>=^MaiBafliBBB3i  

bbbbbbbbbb  bbbbbbbbbbbbbbbbbbbbbbbbbbbbbBbbBBbbbbl'<bbBbbb»»t:=.mbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb| 

BBBBBBBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBBBglBBBB  BBBB/: -^a^flBBBflflBBBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBH 
■BB—BMB— B— — — — BBBBBBBBBBBBiiBBBBBB*;s..'J|BBBBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBBBB| 

HBBBBBBBBBBBBBBBBBBBBBflBBaBBBBflBBBaflflRMBBBBflaBBBB  I BBBBB  BBBBBBBBB  I 

■Bl  .JBBBBBfl  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBmd  BBBBBfl  BBBBB  gBgBBBnriBB  BBBBB  BBBrB  IB  rBBBBBgBBBBBgl 
BBBBBBl'7nlBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB’:BBBBBBBBBBBBBBSBBaBB'J‘'l-l>l»;*|iBni,/BPr  «u«BUBBBBBBBBBb| 
BBBaBBO^B  BBBBB BBBBBBBBBBBBBBBBBBBBBBB^.BBBBBBBBBBBBgBBBBBBBBBBBBBBBBgBBBBBBBBBgBBBBBBBBBBB| 
■BB.BBBBBI  BBBBBBBBBBBBBBBBBBBBBBBBBBroBBBBBBBBBBBBBBBBBiBBBBBBBBBgBBBBBBBBBBBBBBBBBBBBBBBBl 

■■■■aaBaaBaBBaaaBaaflaBBaBaaaaBaBaBiBaaaaaBaBBaBaaBaBHaifiaMiaBliaaaaBaBPPMBBBBBBBBBBBBl 


B>T==^aaaaBBBBBBBBBBBBl 


BBBBBBBBBB BBBBflflBBBBiaBBBBBBI 


BBRaBBBBIBBBBRBBBBBBBBBBBBBBBBBsflif^BBBBMBBBBBBBBBBBBB^^M  > 

BBBBBBBBBB  BaaBBBIBaaiaBaBaaBBBBBBr^BMBSIsaBfiSIRMBBBBiaaaSiaiSlgf  Biggl 
BBBalflBBBI  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBB^^B 
BBBBBBBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BFBBB  BBBBB BBBBB  BBBBBBBBBBBBBBgBBBgBBBBB 
■BBwBBBBBB  BBBBB  BBBBB  BBBBB  BBBBB  FBBBBBBBBB  BBBBB  BBBBB  Bl 
•t>  . 1BBBI  ' '=r  ■■  . CH3  ZBIBBBI  IB  .■  ■ BBBBBBBI  : . IBI..«a 

■BBBBBBBBB  BBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBBBBBBbSbBBB  BBBBB 

SKsasHBsr^^^^Ki^ssssssss^ssssssasssssssssssssasBsassasssssssssasassaHHHBHHHi 


■ BBBBB BBBBB BBBBB I 


■BBBBBBBBB BBBBB BBBBB BBBBB I 


■B  BBBBB  BBBBB  BBBBB  BBBBf  ( > BBBBBBBBB  BBBBB  BgBgggBBBBBBBBB  BBBBBBBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBBBBl 
IflflT'fn  BBBBB  BBBBB  BBBBB  i7B BBBBBBB BBBBB BBBB BBB BBBBBB BBBBBB BBB BBB BBBBB BBBBB BBBBB BBB BBBBBBB I 


BBBBBBBBB!  BBBBB  BBBBBBBBB' JBBB.lt*  l' 


■BBB BBBBB BBBBB BBBBB BBBBB BB 


BBB BBBBB BBBBB BBBBB BBBBB BBBBB I 
■BB BBBBB BBBBB BBBBB BBBBB BBBBB I 
BB BBBBB BBBBB BBBBBBBBBB BBBBBfl 


■■■^BBBBBB  BBBBBBBRBBBaBr  IB BBBBI 
aBFi'BBBBBI  BBBBB  BBBBBBBBBB  BBBBB B 
BBB-BBBBBI  BflBBBBBBBflBBIBBBBBBBBH 
BBBBBBBBBB BBBBB BBBBB BBfiBB BBBBB BBBBBBBBBBBB 
BBi:-BBBBBB  BBBBBBBBBBBB  IBBBBBBBBBBBBBBBBBBB 

BBBBBBBBBB  BBBBB  BBBBB  Bl  flBflBBBflBIBfllBIBBBBBBHHHHHHHHHHHHBBHH| 

BBrBBBBBBB  BBBBB BBBBB BNBBB BBBBB BBBBB BBBBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB^B 
BBBBBBBBBB  BBABB  BBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBB  BBBBB  BBBBB BBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBB  B| 
BBBmiB BBBBB  BBBBBBBBBB V BBBBBBBBBBBBBBBBBBBgBBBBgBBgWBBBBggBBBBBBBBBBBBBBBBBBBBBBBBBBBBBW 
BBBBBBBBBB  BBflaBBBBBBriBBBBBBflBBBBBBBBflBBBHBBaBBBBaBaBBBBBBBBBBBBBBBBBBBBBBBBBaBaBBBBaa 
BBBBBBBBBB  BBBBBBBBBB  JBBBBBBBBBBBBBBBBBBBMBI 

BBBBBBBBBB  BflBBBBflBBBaBBBBflflBBflBBBBBBBBBBBBnMHHMMHBMHHHHBHHHHHHHB 

Baa-*BBirriia  bbbbbbbbbv  bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbBbbbbbbbbbbbbbbbbbbbbbb^^^^M 

BBBaBBBBUB  BBBBB  BBBBfJ  BBBBB  BBBBB  BBBBgBBBBBgBBBg  BBBBBgBBBB  BBBBB  BBBBB  BBBBB  BBBBB  gBBBBBBB®*SS| 
BBB-  ‘1BBBBB  BBBBBBBBB  IBBBBBBBBBBBBBBBBBBBBBgBgBlBBiBfiBgBBaggBBSgBlBBBBBglliBBiBB—aa—i 
BBBr.-BBBBBBBBBBBBBBBIBBBBBBBBBBBBBBBBBBBBBiBBBgBBBBiBBBBBBaaaiaaaaaaaaaaaaaaa«ai 


■BBBBBBBI 

■BBBBBBBI 

■BBBBBBBI 


IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBl 

MMMMMMMMMMMMMMMtBBNBIBBBB 

BBBWBBBaaaal 


■■■■■BaHHHaBHBBHHHHBaaBBBaBaaaaHaaBBHapHBB! 

IflBr.-BBBBBB  BBBBB  BBBIB  BBBBB  BBBBB  BBBBBiBBBaBBBBiBBBBg 
BBIaiLB  BBBBB  BBBBBBBBIBBBBBBBBBBBBBBBBBBBBBBBBBglBBBij 

bbbbbbbbbb  bbbbbbbbi  ibbbbb—b— i 

pailB  BBBBBBaaBBBBIMBBBBBH 
■BBBBBBBBB BBBBBBBB IBBBBBB 


■BBB BBBBB BBBBBBBB BBBBBBBBBBl 
■BBBBBBBI !■■■■■■■■■■■■■■■■■ 


BBBBBBBI  BBIBBH 

BBBBBBBBBB  BBBBBBBI  BBBBBBBHBHHHB 
BBBBBBBBBB BBBBBBBI  MBBBBBBBBBBBBBB 
BBBBBBBBBB  BBBBBBBI  IBBBBBflBBBaaaaaBMHMMM 
BBBBBBBBBB  BBBBBBB' IBBBBBBBBBBBB  BBBBB  BBBBBBBB 
BBBBB  B>  full BBBBBBB IBBBBBBBBBBIB BBBBBBBBBaaaB 
|BBflBBBUK^B  BBBBBBB  IBBBBBBBBBBBB  BBBBB  BBWIBH 
BBBBBBBBBB BBBBBBB BBBBBBBB BBBBB BBBBB BBBBB BBB 
■BBBBBBBBB  BBBBBBI  BBB  BBBBB  BBBBII  BBBBB  BIIBffBBB^ 


*■11111  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBBBB  I 
IflBBBB BBBBB BBBBB BBBBB BgBBBBBgaaBHaaai 
^■BBBBBBBBBBBBBBBBBBBBBBiBBBBB^^^^^H 
IgggBBBBBBBBBBBBBBBBBBBBgBBBBBBBBBBBagBBl 
BBBB BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB I 
■■BBBBBBB BBB BBBBBBB BBBBB BBBBB BBBBB BBBBB I 
BBBBBBBBBBBB BBBBB BBBBB BBBBBBBBBB BBBBB I 
^■BBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB | 

■bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbhbI 

HMbbbbbbbbbbbbbbbBbbbbbbbbbbbbb—| 

■■■■■■MaaBaaiiiiaaBBaaaaaaaafl 


I BBBBBBI BBBBBBBB BBBBB BBBBBBBI 
I BBBBBBI BBBBBBBBgflBBBBBBBBBBI 
I BBBBB BIBBBBflBBBiBaBa BBBBBBBI 


MSS  ! 

S ■BBBBBBBBB 

■bbbbbbbbbH 

BBBBB  BBBBB  BBBBBBI /BBBBBBBB BBBBB BBBBB BBBBB BBBBgl 
BBBBBBBBBB  BBBBBBlIBBBBBBBBBBBBBBflBBBBBBBBflBBBS 
BBBBBBBBBB  BBBBBBI  IBBBBBBBBflBBBBBBBBBBBBBBBBBBBj 
BBBBBBBBBB  BBBBBBI  IflBBBBBBBBBBBBBBBBBBBBBBBBflBH 

BBBBBBBBBB  BBBBBB'  IBHIBIIBIBiaBBBBBBlIBBBBBB^^^^^^^^H 
BBBBBBBBBB  BBBBBB  IflBBBBBBBBBBBBBBBBBBBBBBBBBBgBBBBBggBBgBBBggB! 
BBBBBBBBBB  BBBBBB  ■aflBaflBBaBBflaaflBBBBflBBBBRBBaglBgBgBgaBflBBiiiBI 
BBBBBBBBBB  BBBBBB  IBBBBBBBBBBBBBBBBBBBBBBBBBBB  jiBiBgllBBlBljjBgBI 
BBBBBBBBBB  BBBBBB  ■■■■■■■■■■■■■«■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 


PHHHHBBBfliBBBBB! 

■RiiiiiiiBiiBBBBBB! 

^^^^^^^^^llBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBiBBaBBBBBI 
BBBBBBBBBB  BBBBBB  BBBaBBBBBBBBBBBBBBBBBBBBBBBBBBiBBBBBBBBBBBBBaBBBBBBBBBBBgBBBBI 


SSibbbbiSSbbS 

SHHKSSK 

Ebbbbbbbbbbbi 


BBBBB  BBBBB  BBBBB  BBBBB* /BBBB  BBBBY*  IBBBBBBBBC'lBBBgBBBBB  BBBBBBI 
■BgBBBBBBB  BBBBBBBBBB* 'BBBBBBBBr  BBBBB  BBBBB ’JBBBBBgBBL  1BBBM 
■BBfliBBBBBBBBflBflBBBaBBBBBBBBBBBBBBBBBBaBBBBaBB^^^^^H 


pNHIIIIfllll 

. ■■BrniBBiBifl  D 
BBBBBBBBB IBBBBBBBBBl 

Bbbbbbbbbb bbbbb bbbbb I 

BBBBB BBBBB BBBBBBBBBBl 


|BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB^J!MLia3.L!j.2B- I'rS-.  fBf  lar.-iBaBM 

■— | gg— ■■■  gggggggggg  BBBBBBBBBB  BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBl 

PmbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbI 

. ...  ....  - . .HiB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  I 

BBBBB  BBBBB  BBBBB  BBBBB  BBBBI  BBBBB  BBBBB  BBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBB  BBBBBBBBBB  BBBBB  BBBBBBBBBBl 
BBBBBBBBBB  BBBBB  BBBBB  BBBBBBBBBB  BBBBB  BBBBBBBBBBBBBBB  BBBBB  BBBBBBBBBBBBBBBBBBBBBBBBB  BBBBB  BBBBBB 


BBBBB BBBBB BBBB BBBB BBBBBBB BBBBBBBBBBBBBBgfll 
BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBI 
BBBBBBBBBB BBBBB BBBBB BBBBB BBBBB BBBBB BBBBBBI 


- 11  - 


the  opposite  effect  should  be  observed,  that  is,  retention  should  occur 
due  to  an  increase  in  hydration  until  normal  plasma  protein  and  electro- 
lyte levels  are  restored.  The  same  phenomenon  may  also  be  explained  by 
a charge  effect  on  the  membrane,  in  vitro  as  well  as  in  vivo,  which  is 
also  dependent  upon  the  concentration  of  electrolytes. 

Whatever  the  correct  explanation  may  be,  the  fact  that  glycerol 
pectate,  at  an  average  molecular  weight  considerably  below  that  of 
plasma  protein,  has  proven  to  be  an  effective  plasma  replacer  is  of 
great  significance.  Once  the  plasma  volume  is  restored  to  normal  the 
glycerol  pectate  can  leave  through  the  kidney  much  more  easily  than  a 
synthetic  plasma  expender  with  an  average  molecular  weight  exceeding 
that  of  plasma  proteins,  for  example,  dextran.  Where  emphasis  is  placed 
in  avoiding  deposition  in  the  tissue  an  effective  synthetic  replacer  with 
an  average  molecular  weight  below  the  barrier  of  the  normal  kidney  is  un- 
doubtedly preferred. 


Program  for  Future  Research  Studies 

Future  work  and  research  studies  are  contemplated  on: 

1)  Preparation  of  glycerol  pectate  for  biological  studies  at 
Camp  Lejeune  and  for  molecular  weight  determinations  at  the  National 
Bureau  of  Standards. 

2)  Further  studies  on  the  relationship  between  the  oncotic  pressure 
and  the  percentage  of  free  carboxyl  groups  present  in  the  glycerol 
pectate . 

3)  Continuation  of  studies  on  the  stability  of  glycerol  pectate 
solutions  and  on  the  development  of  a dry  product  suitable  for  extended 
storage. 

X)  Improvements  on  the  synthesis  of  glycidol. 

5)  Esterification  of  pectic  acid  in  a heterogenous  system  with 
lower  quantities  of  glycidol. 

6)  Analytical  methods  for  determination  of  glycerol  pectate  in 
blood,  urine  and  possibly  tissue. 
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